The American continent currently accounts for 15% of the world population. Although first settled thousands of years ago and fitting its label as "the New World," the European colonial expansion initiated in the late 15th century resulted in people from virtually every corner of the globe subsequently settling in the Americas. The arrival of large numbers of immigrants led to a dramatic decline of the Native American population and extensive population mixing. A salient feature of the current human population of the Americas is, thus, its great diversity. The genetic variation of the Native peoples that recent immigrants encountered had been shaped by demographic events acting since the initial peopling of the continent. Similarly, but on a compressed timescale, the colonial history of the Americas has had a major impact on the genetic makeup of the current population of the continent. A range of genetic analyses has been used to study both the ancient settlement of the continent and more recent history of population mixing. Here, I show how these two strands of research overlap and make use of results from other scientific disciplines to produce a fuller picture of the settlement of the continent at different time periods. The biological diversity of the Americas also provides prominent examples of the complex interaction between biological and social factors in constructing human identities and of the difficulties in defining human populations.
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A multiplicity of research approaches have been used to explore the original settlement of the American continent, often focusing on three prominent questions: (1) the route of entry of the initial settlers, (2) their time of arrival, and (3) the pattern of subsequent migration. These questions have been approached with variable degrees of success using various types of genetic markers examined in "Native" populations, defined on anthropological grounds ( particularly language). Early studies used information from blood groups and proteins (Cavalli-Sforza et al. 1994) and were followed by DNA analyses mainly of mitochondrial DNA (mtDNA) (Forster et al. 1996; Tamm et al. 2007; Fagundes et al. 2008; Kitchen et al. 2008 ) and the Y chromosome (Lell et al. 1997; Bianchi et al. 1998; Karafet et al. 1999; Bortolini et al. 2003) . The more recent studies have examined the human genome at increasing levels of resolution, from analyses with restricted sets of markers (Wang et al. 2007; Ray et al. 2010) to ongoing studies based on full genome sequences. Although a range of scenarios for the initial peopling of the Americas have been envisaged, genetic evidence points to the continent being settled by people migrating into the northwestern tip of the continent from Asia. This migration would have been facilitated by the existence, at that time, of a land bridge connecting Siberia to Alaska, which later was submerged beneath the Bering Strait by the rising sea level at the end of the last glaciation, around 15,000 years ago (Fiedel 2000) . Genetic support for an American settlement from Eastern Siberia includes the finding that Native Americans are genetically most similar to North Asians (Cavalli-Sforza et al. 1994; Wang et al. 2007 ) and the existence of a gradient of declining genetic diversity from northwest North America southward (Wang et al. 2007; Reich et al. 2012 ). This gradient extends beyond that seen in the "Old World" for populations at increasing distance from Africa, possibly resulting from a sequence of population contractions that occurred as small groups of humans moved from settled areas into uninhabited territories (Ramachandran et al. 2005; Handley et al. 2007; Wang et al. 2007 ). The American continent, being the last major landmass to have been settled by humans, shows a low genetic diversity as compared with all other continents (Wang et al. 2007) .
Estimating the date of the initial settlement of the Americas has proven a difficult and contentious issue. Geological information provides a key reference point in that because of extensive ice sheets covering North America at the peak of the last glaciation (around 20,000 years ago), the continent would have been impenetrable then (Fig. 1) . Therefore, this leaves two broad opportunities for settlement: before or after this last glacial maximum (LGM). Calculating the time of initial settlement of the continent from genetic information requires a number of assumptions of which the exact validity is difficult to assess, including variation in factors such as population demography, mutation rates, and the influence of selection. Perhaps, not surprisingly, the range of genetic estimates for the time of human settlement of America is quite wide, extending to both sides of the glacial maximum. It is, however, encouraging that most of the recent estimates, based on increasingly larger amounts of data and more sophisticated statistical methods, point to a settlement not long after the LGM. These estimates show greater consistency with the archaeological evidence, which, although itself not devoid of controversy, points to a human presence in the Americas by 14,000 years ago. The pattern of migration into the continent has also been the subject of considerable disagreement. An influential model put forward in the mid-1980s posited that the settlement of the continent occurred in three sequential migratory waves from Asia, corresponding to the three major linguistic stocks in which the linguist Joseph Greenberg classified Native American languages (Greenberg et al. 1986; Greenberg 1987; Ruhlen 1991) . The first migration would have given rise to a very large Amerind linguistic family comprising populations living all over the continent, whereas two subsequent migrations, restricted to North America and the Arctic, would be associated with populations speaking languages of the Na-Dene and Eskimo-Aleut linguistic families, respectively. Although early blood group and protein data were interpreted in support of the Greenberg model (Cavalli-Sforza et al. 1994) , subsequent mtDNA and Y-chromosome analyses have been mostly interpreted as indicative of a single migration wave into the continent (Bonatto and Salzano 1997; Tamm et al. 2007; Fagundes et al. 2008; Kitchen et al. 2008 ). The recent genomewide surveys of diversity with increasing resolution have, however, provided a different view. These are inconsistent with the single migration model and are more in line with the occurrence of multiple migrations (Fig. 1) . Particularly strong support for several ancient migrations comes from a study based on a large survey of populations and using data for hundreds of thousands of genetic markers. With this type of data, it is possible to estimate the ancestry of every segment of DNA along the genome and state whether such a segment is of African, European, or Native American origin. Analyses can then focus only on the Native American segments of the genome (Fig. 2) . This means that Native American individuals, and populations, that previously had to be excluded from study because of admixture with non-Natives can now be included, facilitating a more extensive population survey and reducing bias. These recent data have provided strong evidence that the Eskimo-Aleut, Na-Dene, and Amerind linguistic groups show evidence of differential gene flow from Asia, inconsistent with stemming from a discrete single colonization event with no subsequent migration (Fig. 1) . Noticeably, although North American populations show evidence of multiple episodes of gene exchange with Asia, Native populations from Mexico to the Southern tip of South America appear to stem from one colonization wave with no subsequent Asian gene flow. This observation agrees with the highly controversial proposal of grouping widely separated Native American languages into a single "Amerindian" linguistic family (Greenberg 1987; Ruhlen 1991) . These data also confirm the correlation of population diversity with distance from the Bering Strait, in agreement with settlement in a north-to-south direction. Interestingly, this correlation increases when considering the Crossing was impossible during the last glacial maximum (LGM) ( 20,000 years ago) because of glaciers covering a large part of North America. Most genetic studies of contemporary Native Americans point to a settlement of the continents soon after the LGM, subsequent to the retreat of the ice sheets. Although classical studies associated initial settlement with the Clovis archaeological complex of North America ( 13,000 years ago), older sites have been identified, including Monte Verde in South America (dated at 15,000 years ago). The Native American populations placed on this map are those included in the phylogenetic tree shown in Figure 3 . Analysis of genetic data from these populations is consistent with the important role of the coast during the initial settlement of the continent (Reich et al. 2012) .
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Cite this article as Cold Spring Harb Perspect Biol 2015;7:a008557 coasts as facilitators of population movement, suggesting an important role of the coast during the initial population dispersals on the continent. A phylogenetic tree relating the Native American populations examined in that survey is also consistent with the north-to-south settlement of the continent, as it shows a sequence of major population splits separating groups of populations mostly along a north-to-south axis (Figs. 1 and 3). Consistent with some degree of parallel evolution for languages and genes (Cavalli-Sforza et al. 1994) , resulting from population separation followed by relative isolation, the major clusters of populations in this genetic tree show a broad correspondence with the linguistic affiliation of the populations (Fig. 3) . The recent study by Reich et al. (2012) illustrates the potential of high-density genotyping for extending studies focused on the original settlement of the Americas to Native individuals with evidence of admixture with recent immigrants. This admixture is extensive across the continent and involves not only Natives but also the general population, particularly in the countries of what is now referred to as Latin America. Historically, a major driver behind population mixing in this region was the fact that immigrants from Spain and Portugal, particularly in the early phases of the colonial expansion, were mostly men (Boyd-Bowman 1973) . It is well documented that many Conquistadors had children with Native women, the most famous example possibly being that of the Conquistador of Mexico, Hernán Cortez, and the Nahua woman known as "Malinche" (Fig. 4) . This "sex-biased" pattern of mating between immigrant men and Native women had been alluded to by historians (Morner 1967) , but it was only with mtDNA and Y-chromosome studies that the full genetic impact of this feature became apparent. Because mtDNA and the Y chromosome are only transmitted by mothers and fathers, respectively, they allow the inference of the maternal (mtDNA) and paternal (Y-chromosome) ancestry of individuals. One of the first such studies was performed in Antioquia (Colombia), a population traditionally considered as mainly of Spanish descent. Consistent with this view, it was found that .90% of men in Antioquia had Y-chromosome lineages of European origin (CarvajalCarmona et al. 2000) . Surprisingly, when examining their mtDNA, a sharply different picture was observed. In 90% of individuals, maternal (8) Buryat (17) Yakut (34) Evenki (15) Dolgan (4) Nganasan2 (14) Nganasan1 (8) Tundra Nentsi (3) Yukaghir (13) Selkup (9) Ket (2) Khanty (35) Yi (10) Han (34) Cambodian (11) Japanese (31) Chukchi (30) Koryak (10) East Greenland lnuit (7) West Greenland lnuit (8) Aleutian (8) Chipewyan (15) Yaqui (1) Pima (33) Tepehuano (25) Purepecha (1) Zapotec1 (22) Zapotec2 (21) Mixe (17) Mixetec (5) Maya2 ( (4) Teribe (3) Guaymi (5) Huetar (1) Maleku (3) Kogi (4) Arhuaco (5) Wayuu (11) Waunana (3) Embera (5) Chorotega (1) Jamamadi (1) Ticuna (6) Inga (9) Piapoco (7) Guahibo (6) Parakana (1) Surui (24) Karitiana (13) Arara (1) Palikur (3) Wichi (5) Kaingang (2) Toba (4) Chane (2) Guarani (6) Quechua (40) Aymara (23) Diaguita (5) Hulliche (4) Chono (4) Chilote (8) Yaghan (4) Cree (4) Ojibwa (4) Algonquin (5) Naukan (16) French (29) Figure 3. Phylogenetic tree relating representative African, European, Oceanian, East Asian, and Native American populations based on high-density genetic marker data. For this analysis, Native American data used was restricted to genome segments of confirmed Native ancestry (determined as in Fig. 2 ). The tree branches are color-coded to represent the linguistic affiliation of the populations, as shown in the inset. Numbers in parentheses refer to sample size in each population. The length of the branches on this tree is proportional to a measure of genetic differentiation (F ST ). (From Reich et al. 2012 ; reprinted, with permission, from the author.)
Cite this article as Cold Spring Harb Perspect Biol 2015;7:a008557 ancestry was Native American (Carvajal-Carmona et al. 2000) . Similar observations have now been made in many Latin American countries (Alves-Silva et al. 2000; Green et al. 2000; Carvalho-Silva et al. 2001; Marrero et al. 2007 ), although with a considerable variation in ancestry proportions between them (Fig. 5 ). These studies, in addition, show a higher African ancestry with mtDNA than the Y chromosome, indicating that, historically, admixture with Africans has also mostly involved African women. The large variation in ancestry seen across Latin America relates to differences in pre-Columbian Native population density and the pattern of recent immigration into specific regions of the continent. For instance, most studies performed so far have mainly focused on areas with little documented African immigration and consistently show a relatively low African genetic ancestry. In these population samples, the variation in individual European and Native American ancestry is very large, to the extent that it overlaps with that seen in Native population samples (Fig. 6) . The variation in individual ancestry seen in these samples thus effaces their designation as "Native" or "non-Native." This observation punctuates the interest of incorporating admixed Latin American populations, traditionally considered non-Native, into studies on the initial settlement of the continent. Similar to what has been performed in the recent survey by Reich et al. (2012) , the inference of ancestry of each genome segment in Latin Americans could be used to focus solely on Native American segments of the genome. This is an avenue of research that is just beginning to be explored and shows great potential for the future. It promises to be of particular importance for the analysis of regions where anthropologically recognizable Native populations and individuals are virtually nonexistent, as they have been absorbed into the current mixed population. This is the case for the many areas that were relatively sparsely populated in pre-Columbian times and, subsequently, received a large flow of immigrants, such as from the Caribbean and many parts of North and South America. Consequently, estimation of individual ancestry along the genome will facilitate denser demographic history analyses across the Americas, as well as a reexamination of the original settlement of the continent based on a more comprehensive population sampling.
Other than being informative for addressing questions of population history, the study of Latin American populations promises to facilitate the genetic characterization of biological attributes differentiated among the populations that participated in admixture on the continent. For instance, a range of facial features differ between Native Americans and Europeans, and the genetic study of admixed Latin Americans promises to help in the identification of genes explaining variation in facial appearance. Such research is of interest for understanding disorders of craniofacial development and could also have forensic applications. Another example is type 2 diabetes (T2D), a dis- Figure 4 . The Native American woman known as "Malinche" or Malintzin (her Nahuatl name) was the interpreter and mistress of the Spanish Conquistador, Hernán Cortés. In 1523, she gave him a son, Martín, who is one of the first recorded individuals of mixed Native -European ancestry born in the Americas. Such offspring between immigrant men and Native women were a common occurrence in early colonial Latin America. The drawing shown is from the late 16th century "Codex Tlaxcala" and represents a meeting between the Mexican ruler, Moctezuma, and Hernán Cortés, with Malintzin (on the right) translating.
A. Ruiz-Linares ease that has a very high frequency in Native Americans and for which a higher risk is associated with increased Native American ancestry. This observation led to the proposal of the "thrifty genotype" hypothesis, which posits that the increased risk of T2D in Native Americans results from genetic adaption to a low-calorie/high-exercise way of life that became detrimental with the recent change to a high-calorie/ low-exercise lifestyle (Pollard 2008) . The study of large, carefully characterized samples from Latin American populations offers a unique opportunity for conducting a detailed assessment of this hypothesis. The identification of genes explaining the variable frequency of diseases between populations (such as T2D) will be an important step forward in the development of novel, more effective (even individualized) dis- ease-management strategies that account for human population diversity. The overlap of individual genetic ancestry estimates, seen in Latin and Native American populations (Fig. 5) , raises the question of the relationship of these estimates to the perception that individuals have of their own ancestry. A recent analysis of a large sample of individuals from five Latin American countries found a highly significant correlation between selfperception and genetically estimated ancestry (Fig. 7) . However, this study also found evidence that self-perception is biased. A particularly clear bias involves pigmentation: individuals with greater pigmentation tend to overestimate their Native and African ancestry, whereas individuals with lighter pigmentation tend to overestimate their European ancestry (AR Ruiz-Linares, in press). Statistically significant differences were also observed between countries, pointing to the influence of social factors in self-perception. Consistent with this observation, social scientists have argued that, in Latin America, self-identification as Native or nonNative is often strongly influenced by social cues (Wade 2010) .
The insights into the initial settlement of the continent provided by the genetic study of Native Americans illustrate the fact that a population sampling that maximizes diversity based on anthropological grounds (such as language) can facilitate investigations concerned with the first settlement of the continent. However, the analysis of intercontinental admixture both in Native and non-Native Latin American populations show some of the complexities of defining human groups, with population labels suggesting a potentially misleading genetic singularity. The biological reality is that of a gradient in the genetic makeup of these populations (and individuals) involving various degrees of mixture between the initial settlers of the continent and more recent immigrants. The genetic diversity of Latin Americans is, thus, a prominent example of the fuzzy meaning of the labels used to refer to human populations. Although these labels can assist in study design and facilitate certain historical inferences, ethnicity, race, and other such terms are social constructs devoid of a clear-cut biological meaning. Box plots displaying the relationship of individual genetic ancestry estimates to self-perceived ancestry in 7342 Latin Americans (from Mexico, Colombia, Peru, Chile, and Brazil). Self-perception was categorized into 20% bands for African, European, and Native American ancestry. There is a highly significant correlation between the genetic estimate and self-perception for each continental ancestry component. However, there is a trend at higher Native American and African ancestry for self-perception to exceed the genetic estimates. Correspondingly, at lower European ancestry, there is a trend for the genetic estimates to exceed self-perception. Further analyses show that pigmentation impacts on these differences. Individuals with lower skin pigmentation tend to overestimate their European ancestry, whereas individuals with higher pigmentation overestimate their Native American and African ancestries. Orange lines indicate the median and the blue boxes are delimited by the 25th and 75th percentiles. (From AR Ruiz-Linares et al., in press; with permission from the author.)
